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PLATE 26. 
In  the  original  communication of  Churchman  1 on  the  selective 
bactericidal action of gentian violet, published two  years  ago,  the 
suggestion  was  made  that  similar  studies  should  be  carried  out 
on the effect of  the  dye on growing tissue.  This  communication 
contains the report  s of work undertaken in that direction.  The work 
was  primarily  undertaken  to  settle  two  questions  raised  by  the 
observations  on  the  effect  of  gentian  violet  on  bacteria.  These 
two  questions  were  (a)  whether  the  nucleus  of  a  single-celled 
organism  could  be  stained  during  life,  and  (b)  whether  such  a 
stained organism was capable of  further reproduction. 
It  was  noticed  early  in  the  gentian  violet  studies  that  motile 
organisms  not  killed  by  the  stain  (violet-negative  organisms) 
retained  their motility even. though deeply stained; and  that  these 
stained violet-negative organisms when transplanted to agar  slants 
grew equally well with the control smears of the unstained bacteria. 
The  retention  of  motility  by  the  stained  organisms  might  be 
explained as a  survival phenomenon; and the growth of the trans- 
plants  made  from  the  stained  specimens  might  be  regarded  as 
arising, not from the organisms in the smear which had taken the 
stain  but  from  the  few  in  the  smear  which  had  escaped  it.  It 
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seemed  altogether  likely,  from  other  observations,  that  this 
explanation was  not  the  correct  one,  and  that  the  violet-negative 
organisms actually took the stain during life.  Still,  definite proof 
was  lacking that gentian violet in these experiments was acting as 
a  true  vital  stain.  To  furnish  this  proof  and  to  investigate  the 
further  problem  (raised  but  not  solved  by  the  experiments  with 
bacteria)  as  to  whether the  violet dye  stained  the nucleus of  the 
protoplasm,  experiments  have  been  done  with  protozoa,  adult 
living tissue, and embryonic living tissue. 
THE EFFECT OF GENTIAN VIOLET ON PROTOZOA. 
The organisms first used  for this purpose were paramecia  from 
a  pedigreed  race  furnished  by  Professor  Woodruff.  The  effect 
of the dye was investigated in two ways.  In the first experiments 
the  organism  was  stained  and  then  transplanted.  In  the  second 
series the organism was grown in media containing the dye. 
TECHNIQUE. 
In  the  first  series  of  experiments  the  following technique  was 
used: A  single paramecium was placed in a  watch-glass containing 
stain of varying dilutions (I to 2o0, I  to IO,OOO, and I  to Ioo,ooo) 
and  stained  for  half  a  minute,  one  minute,  and  five  minutes, 
respectively.  The organism was then recovered with a  fine pipette, 
washed  thoroughly  in  two  or  three  washings  of  distilled  sterile 
water,  transplanted  to  a  medium  of  0.025  per  cent.  beef  broth 
(Woodruff  and  Baitsell,  a  I9II )  which had  been  inoculated  with 
Bacillus prodigiosus.  The paramecia were studied in drops of this 
medium on depression slides, which were kept in large covered glass 
dishes with water in the bottom to prevent evaporation. 
In these experiments the organism was  found to stain deeply in 
all the gentian violet dilutions used.  The rapidity with which the 
organisms took up the stain  and  lost their motility was  in  direct 
ratio  to  the  concentration of  the  dye.  In  the  strongest  solution 
the  organism  became  promptly  stained  and  motility  was  rapidly 
lost.  In the weaker  solutions the paramecia  swam  about actively 
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and normally and it was quite easy to watch the absorption of the 
dye by both  cytoplasm and  nucleus.  This  staining  of  cytoplasm 
and nucleus took place while motility was  still  retained and  while 
the cilia were still whipping.  The dye, however, soon caused a retar- 
dation of motility and later a  cessation; and then the organisms be- 
came so deeply stained that no structure could be made out.  Such 
an organism when transplanted did not resume its activity and in a 
short time broke up into unrecognizable debris. 
In  the  second  series  of  experiments  the  effect of  the  dye  was 
studied by transplanting the paramecia into media containing gentian 
violet. 
The technique was as follows: A  single paramecium was planted 
on a depression slide in a drop of o.o2 5 per cent. beef broth, to which 
gentian violet in varying strengths  ( I  to 4oo up to  I  to  IO,OOO,OOO) 
was added.  These drops had been previously inoculated with Bacil- 
lus prodigios~s.  Evaporation was prevented as before. 
The effect of the dye in these experiments was sharp and constant. 
In  dilutions  stronger than  I  to  5o0,0o0  the nucleus as  well as  the 
cytoplasm soon became distinctly stained and the cell outline sharply 
defined.  This  took place  while  active motility,  both  rotatory  and 
progressive, was still retained, and while the cilia were still whipping 
violently.  In a short time, however, the motility diminished and the 
organism finally came to a standstill.  The cilia continued for some 
time to wave but later these also stopped.  The organism then grad- 
ually swelled until the cell membrane ruptured, allowing the proto- 
plasm  to  escape;  and  the  organism  either  appeared  as  a  deeply 
stained  motionless  and  structureless  mass,  or  else  persisted  only 
as  unrecognizable debris.  In  strengths  of  I  to  IOO,OOO cessation 
of motility occurred in  a  few minutes.  In  I  to  5oo,ooo dilutions 
some  of  the  organisms  were  still  motile  forty-eight  hours  after 
immersion but  none  of  them  survived  after  three  days  and  none 
divided.  In I  to I,ooo,ooo dilutions fission was always delayed and! 
in a number of cases prevented, though some organisms reproduced 
slowly and  a  few were apparently  faintly  stained  in  the  dividing 
stage.  In  strengths  weaker than  I  to  I,OOO,OOO there  were  sug- 
gestions  of staining in  a  few instances, but  no apparent  inhibition 
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A number of similar observations were made on oxytricha.  The 
technique was  similar  to  that  used  with  paramecia.  The  results 
with this organism, though in general the same as those just recorded 
for paramecia, were not quite so well defined and constant, owing 
to the  fact that this  organism is  more difficult  to  handle  without 
injury. 
There was no question that the nucleus in these experiments with 
paramecium and oxytricha was deeply stained, while both organism 
and cilia were actively motile; and if motility be regarded as a cer- 
tain indication of life the observations warrant the conclusion that 
gentian violet is a true vital nuclear stain.  We were unable, how- 
ever, to observe cell division in a  definitely stained organism; and 
the  motility in  these  experiments might  well  be  interpreted  as  a 
survival phenomenon in dead or dying organisms.  The nature of 
the experiments was  therefore changed and  the  effect of  the  dye 
on growing animal tissue was investigated. 
THE  EFFECT  OF GENTIAN  VIOLET  ON  ADULT  FROG  TISSUE  GROWING 
IN VITRO. 
In  the  first  series  of  experiments  connective  tissue  from  the 
:adult  frog was  grown in  frog plasma,  according to  the  technique 
described  by  Harrison#  The  effect  of  the  gentian  violet  was 
studied  by  adding  it  to  the  plasma  into  which  the  tissue  plants 
were made.  The dye had no effect on the clotting of the plasma, 
as  was  to  be  expected  from  the  observations  of  Churchman  on 
the  effects of  gentian  violet on  enzymes#  The  connective tissue 
was  found to grow rather poorly, particularly in the early experi- 
ments,  in  which  very  strong  dilutions  of  stain  were  used.  In 
preparing  a  series  of  connective tissue  plants  from  the  fascia  of 
the  upper  abdominal  muscles,  pericardium  was  accidentally  in- 
cluded; and the endothelial cells  in  these transplants  showed defi- 
nite  growth,  while the  connective tissue  cells  were apparently  in- 
hibited by the dye.  In the first experiments the plasma contained 
gentian  violet  in  a  dilution  of  I  to  2,ooo.  Definite  endothelial 
growth occurred even in this strength but in  all subsequent experi- 
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ments  a  z  to 2o,ooo dilution was  used.  Here  the  growth  of  the 
endothelium was active,  keeping pace  with the controls.  In some 
cases,  indeed,  the  growth  in  the  stained  media  seemed  to  out- 
strip that in the controls.  This growth occurred in spite of the fact 
that the tissue plant, soon after being placed in the dye-containing 
plasma, became deeply stained. That this tissue plant was stained while 
alive  and  growing was  demonstrated by  transplanting  a  piece  of 
the tissue which had grown in the dye-containing plasma to the un- 
stained  plasma,  where  the  growth  of  the  deeply  stained  ex-plant 
continued.  These  observations made it clear that the  cell  nucleus 
Z  a-5 
c  ~/28/,,~,  o.oopN,  j/~l/,  ~.~op..l~,. 
OI  7.  ~a j 
TExT-Fro. i.  Diagrams made on four succeeding days of endothelial  cells of 
the  pericardium of  an  adult  frog, grown in plasma containing gentian violet 
! :2o,ooo, showing that cell division was observed from beginning to completion. 
Figures (z, 2, 3, 4, and 5)  have been placed so that it is possible to follow the 
individual cells in the four diagrams. 550  Effect  of  Gentian  Violet  on  Protozoa. 
itself  was  stained  and  that  this  staining  was  vital  and  did  not 
interfere with growth.  The staining of the plasma and nucleus is 
well shown in figure I. 
In a  number of specimens it was possible to  follow the division 
of these stained nuclei and to observe the whole process with the oil 
immersion lens  (text-figure  I).  In  these  early experiments  with 
adult tissue, however, clear karyokinetic figures were not seen.  In 
one specimen a piece of peritoneum from the female frog was planted 
in  stained  plasma.  The  cilia  were  observed  to  remain  actively 
motile  for  a  week,  and  active  growth  of  the  transplant  produced 
new  ciliated  endothelium.  In  another  experiment the  tissue  was 
kept alive and growing for over two weeks in the stained plasma by 
transplanting the tissue every three or four days into freshly stained 
plasma. 
In no experiment on the growth of living tissue in stained plasma 
did  an  infection  ever  occur,  while  in  the  controls  infection  with 
bacteria was not infrequent.  We were also struck by the fact that 
endothelial  cells  grew  much  more  readily  in  the  presence  of  the 
dye than connective tissue cells, and we are inclined to the view that 
we are dealing here with a  selective action not unlike that exercised 
by  this  dye on  bacteria. 
Another fact brought out by these experiments was the power of 
the growing animal cells to change the dye so that  its  color disap- 
pears.  That a  similar change takes  place in the animal  body was 
pointed out by Churchman and Herz in a previous communication,  s 
It  was  there  shown  that  large  amounts  of  gentian violet  injected 
into the ear vein of the rabbit soon disappeared from the blood; and 
that  the  mucosa  of  the  tongue  and  lips,  though  at  first  deeply 
stained, in a  short time  (about  forty-eight hours)  lost  their violet 
color.  Animals  killed  a  few  days  after  the  injection  showed  no 
trace of the dye, nor did it appear as such in the urine. 
TIIE EFFECT  OF GENTIAN  VIOLET ON  EMBRYONIC  FROG  TISSUE 
GROWING  IN  VITRO. 
In this series of experiments, tadpoles of Rana silvatica and Rana 
pipiens  in  the  pre-gill  and  gill  stages  were  used.  The  effect ot} 
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gentian violet was studied in preparations of the tissues planted in 
stained plasma prepared according to the following technique. 
A  tadpole was  washed thoroughly in sterile  distilled water  and 
then placed in sterile 0. 3  per cent.  saline solution.  Under a  Zeiss 
binocular a  small incision was made in the skin and the flap turned 
back.  In Rana silvatica the skin could not be separated  from the 
underlying connective tissue there, so that cultures made from pieces 
of the skin of the flap contained both epithelium and mesenchyme.  In 
Rana pipiens the skin could be easily separated from the connective 
tissue  and  so  pure  cultures  of  epithelium  and  mesenchyme were 
made.,  In tadpoles in the gill stage the tissue cultures were  made 
from pieces of the gills  (which could easily be cut off),  from the 
tail  (where the pigment is practically absent), and from the heart. 
The  tissue  plants  were  all  made  into  plasma  containing stain  of 
varying dilutions (I to 4,000 up to  I  to 20,00o) ; and controls were 
simultaneously made in unstained plasma. 
The embryonic tissues remained alive and grew  in the presence 
of  the  stain.  In  the  mixed  cultures  of  epithelium  and  mesen- 
chyme  the  epithelial  cells  grew  rapidly,  while  the  mesenchyme 
was  apparently retarded  by the action of  the dye.  The  same se- 
lective action of the stain was also brought out in the pure cultures 
of epithelium and mesenchyme.  In the former, growth was active 
and rapid,  while in the latter growth was slight and in some cases 
entirely prevented.  In the preparations made from the gills, both 
the epithelial and endothelial cells grew well in the stained plasma; 
while in the preparations  from the heart pure cultures of endothe- 
lial cells were obtained. 
In  one  series  of  epithelial  tissue  cultures,  ciliated  epithelium 
was  present  and  the  cilia  remained  actively motile  for  over  two 
weeks  in  the  presence  of  gentian  violet  in  the  dilution  of  I  to 
20,000.  The growth of epithelium in stained plasma  (dilution of 
I  to 4,000)  was not as active and rapid as in the weaker dilutions 
used.  In the weaker dilutions growth of epithelium and endothel- 
ium was active and the nuclei were slightly stained.  These stained 
nuclei did not stand out as clearly and distinctly as those in the more 
slowly  growing  adult  endothelium  but  were  definitely  violet  in 
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with this point in view, we have observed the division of the defi- 
nitely stained nuclei and the presence of karyokinetic figures in these 
dividing stained nuclei (figure I). 
In the experiments with embryonic tissue the effect of the grow- 
ing cells on the stain  was  much more marked than  in  the case of 
growing adult tissue.  In twenty-four hours the color of the stain 
was  decreased very markedly and  in  dilutions  of  I  to  20,000  the 
violet color was almost entirely removed by the end of four days. 
These experiments prove that  gentian violet penetrates by diffu- 
sion the living cell and its living nucleus; for the staining of animal 
cells which subsequently grow in a  normal manner cannot be inter- 
preted as a  survival phenomenon, and the observation of the stain- 
ing of the karyokinetic figures  in these growing cells demonstrates 
that the dye penetrates into the nucleus itself. 
CONCLUSIONS. 
I.  Gentian violet may be  regarded as  a  true vital  nuclear stain. 
2.  Embryonic and adult tissue of the  frog will grow in vitro  in 
the presence of gentian violet  of a  far stronger dilution  than  that 
necessary to kill many bacteria.  In these experiments, for example, 
successful tissue  growths  were  obtained  when  gentian  violet  I  to 
2o,ooo was used, yet Bacillus subtilis will not grow in  I  to  IOO,OOO 
dilution  and  grows  very badly  in  I  to  I,OOO,OOO dilution.  This 
fact may simplify the technique of the growth of certain tissues by 
eliminating the risk of bacterial contamination. 
3-  The use of stains  in the plasma in which tissue is grown will 
probably facilitate the study of nuclear growth. 
4.  Gentian  violet  appears  to  have  a  certain  selective  action  on 
tissue  similar  to  that  exercised  by  the  dye  on  bacteria.  Certain 
observations made last year in this laboratory  (too  few to serve as 
more than a suggestion)  seem to indicate that another dye  (methy- 
lene blue)  acted as a  stimulant to the growth of connective tissue. 
These leads should be followed out and the effect of ,zarious stains 
studied in the hope of discovering dyes which will exercise a  sharp 
selective action on  growing tissue. 
5.  The  growth of animal cells  in  a  strength of dye much more 
than sufficient to  kill many pathogenic organisms lends encourage- THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XX.  PLATE  26. 
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ment  to  efforts  now  being  made  in  this  laboratory  to  apply  the 
observations  on  the  bactericidal  effect of  gentian  violet  and  allied 
stains  to the treatment  of disease.  Moreover, the ability of  grow- 
ing  cells  to  rid  themselves  of  this  dye would  indicate  that  it  may 
be  possible  to  apply  the  dye  to  infected  tissue  and  count  on  the 
cells to eliminate the material after its work had been done. 
EXPLANATION OF PLATE 26. 
FIG.  I.  New  growth  of  epithelial  ceils, from the skin  of the tail  of Rana 
piplens in  the  gill  stage,  growing  in  stain-containing  plasma  (gentian  violet 
I:4,ooo).  The nuclei  are distinctly  stained,  showing  dividing  forms with  sug- 
gestion of staining  of the chromosomes.  The cell outlines  are very distinct  and 
the  cytoplasm  is  stained.  Drawn  in  natural  colors  with  the  camera  lucida, 
ocular No. 4, objective ~, Leitz. 